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(54) Tissue sealant 

(57) A tissue sealant comprising thrombin, fibrino- 
gen, and carboxylmethyl cellulose or alkali metal or 
alkali earth metal salt thereof is disclosed. The tissue 
sealant of the present invention promotes a hemostasis 
of an injury to a skin surface or a viscus, a healing of an 
injury, an endothelium formation of a blood vessel, an 
adhesive activity of animal cells, such as endothelial 
cells or fibroblasts in vitro, and an adhesion and aggluti- 
nation of platelets. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a tissue sealant. More particularly, the present invention relates to a tissue 
sealant which can seal injuries, reduce loss of blood, maintain a hemostasis, and promote healing of an injured site on 
a skin surface, organs or the like. 

10 

2. Description of the Related Art 

[0002] Shortly after injuries occur, a healing of injuries, i.e., a recovery of lesions, starts with an adhesion and agglu- 
tination of platelets or thrombocytes to the injuries. It is necessary to closely control the consecutively conjugated func- 

15 tions of various cells, and the degradating and regenerating processes. These include a formation of fibrin clots, 
absorption of blood clots, and eprthelialization. The injury-healing comprises a formation of many blood capillaries, 
active fibroblasts, and collagen fibrils, but is not followed by a formation of a particular skin structure. 
[0003] A process of healing injuries starts with an adhesion and agglutination of platelets to an injured tissue, and 
with thromboplastin liberated from the injured cells at the same time. Thromboplastin activates coagulation factors, and 

20 finally converts prothrombin to thrombin. By a catalyzing action of thrombin, f ibrinopeptides A and B are released from 
fibrinogen to form fibrin monomers. The monomers are aggregated to form fibrin filaments. Thrombin also activates the 
blood coagulation factor XIII (the Factor XIII), which catalyzes an isopeptide formation to covalently cross-link fibrin fil- 
aments. Then, a-antiplasmin is bonded to fibrin filaments by the activated Factor XIII, whereby a degradation of fibrin 
filaments by plasma components is prevented. 

25 [0004] The platelets adhered and agglutinated to the injured site liberate PDGF's. PDGF's include a platelet-derived 
growth factor (PDGF), a platelet-derived angiogenic factor (PDAF). a transforming growth factor-p (TGF-p) and a plate- 
let factor-4 (PF-4). 

[0005] PDGF is a mitogen, and stimulates a protein synthesis in cells originating in mesenchyme, such as f ibroblastes 
and smooth muscle cells. PDGF is an amitosis attractant for an endothelial cell. 

30 [0006] TGF-p is an attractant for a macrophage and monocytes. TGF-p stimulates or inhibits various cells, dependent 
upon the presence or absence of other growth factors. For example, when applied in vivo, TGF-p increases a tension- 
strength of a cured skin of an injury. Further, TGF-p stimulates a synthesis of collagen and glucosamine glycan. 
[0007] A growth factor liberated from the platelet is potentiaJly useful in specifically promoting a healing of injuries and 
a recovery of tissues. It was experimentally proved that a closure of injuries, growth of blood vessels or the like is facil- 

35 itated by applying an extrinsic growth factor to an injured site. Therefore, the safest method for a living body is to utilize 
growth factors liberated from the platelets adhered and agglutinated onto an injured site. 

[0008] As a composition for sealing an injured site, reducing a loss of blood, and maintaining a hemostasis, a surgical 
adhesive and tissue sealant containing plasma proteins are known, and used in the sealing of injured sites on a skin 
surface or intracorporeal organ. Such a sealant generally contains one or more blood coagulation factors and other 

40 plasma proteins. For example, European Patent No. 0.068.047 discloses an anhydrous powder material derived from a 
concentrated plasma fraction containing fibrinogen, fibrinolysis inhibitors, and thrombin or prothrombin. However, the 
material can be applied only in the form of powder, because blood clots are formed immediately after water is added. 
Further, AU-A75097/87 discloses a one-component adhesive containing fibrinogen, the Factor XIII, a thrombin inhibitor 
such as antithrombin III. a prothrombin factor, a calcium ion. and optionally, a plasmin inhibitor. U.S. Patent Nos. 

45 4,427,650 and 4,427,651 disclose an enriched plasma derivative containing fibrinogen, thrombin and/or plasmin, and 
fibrinolysis inhibitors, and optionally, other components such as platelet extracts. U.S. Patent Nos. 4,627,879 and 
4,928,603 disclose a cryoprecipitated suspension containing fibrinogen and the Factor XIII, and a use thereof in the 
preparation of a fibrin glue, or a fibrin adhesive. 

[0009] The fibrin adhesive is called a fibrin sealant, and was initially formulated for a clinically topical application, and 
so used for controlling bleeding and curing injuries. The fibrin adhesive is prepared from plasma, and an exact composition 
of a particular fibrin adhesive depends on a particular plasma fraction used as a starting material. Generally, the fibrin 
adhesive contains a mixture of proteins which can form blood clots when admixed with thrombin. For example, the fibrin 
adhesive may be prepared by cryoprecipitating plasma, and fractioning the precipitate to obtain a composition which 
can form a sealant or blood clots when admixed with thrombin or a thrombin activator. The fractionating of plasma com- 
55 ponents can be carried out by standard methods of purifying proteins, for example, a precipitation with ethanol, polyeth- 
ylene glycol or ammonium sulfate, an ion-exchange, or a gel filtration chromatography. In general, the fibrin adhesive 
comprises a fbrinogen concentrate containing fibronectin, the Factor XIII, and the von Willebrand factor, and dried 
human or bovine thrombin. It is prepared as a lyophilized form, and admixed with calcium chloride shortly before use. 
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After the admixing, the components are aggregated on the tissue surface to form blood clots containing cross-linked 
fibrins. The Factor XIII is contained in the fibrinogen concentrate, and catalyzes the cross-linking reaction. The fibrin 
adhesive seals the surfaces of tissues, and prevents air or liquid from leaking, to thereby induce a hemostasis. The 
fibrin adhesive promotes the healing of an injury by means of functions to stop bleeding and prevent a flow of blood from 
5 an injury. 

[0010] However, such a conventional fibrin adhesive per se does not exhibit a property of curing or healing an injury. 
Therefore, it is desired to develop a fibrin adhesive which can be applied to an injury on a skin surface or an intracor- 
poreal tissue, and is useful to maintain a hemostasis and enhance a property of curing or healing an injury. 

10 SUMMARY OF THE INVENTION 

[001 1 ] Accordingly, the object of the present invention is to provide a tissue sealant which can promote a hemostasis 
and a healing of an injury on a skin or a viscus, an endothelium formation of a blood vessel, a cellular adhesion of ani- 
mal cells such as endothelial cells or fibroblasts in vitro, and an adhesion and agglutination of platelets. That is, the 
15 object of the present invention is to provide a tissue sealant which can promote a healing of an injury, an endothelium 
formation or a cellular adhesion of animal celts by applying the sealant capable of agglutinating platelets or thrombo- 
cytes to an injured tissue, a blood vessel or animal cells such as endothelial cells or fibroblasts cultured in vitro, to main- 
tain a contact of growth factors induced by platelets or thrombocytes with the injured tissue, the Wood vessel or animal 
cells for a long time. 

20 [0012] Other objects and advantages will be apparent from the following description. 

[0013] In accordance with the present invention, there is provided a tissue sealant comprising thrombin, fibrinogen, 
and carboxyl methyl cellulose or an alkali metal or alkali earth metal salt thereof. 

BRIEF DESCRIPTION OF DRAWINGS 

25 

[0014] 

Figure 1 illustrates an effect of sodium carboxylmethyl cellulose on an aggregation reaction of fibrin monomers. 

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 5] The tissue sealant according to the present invention may be prepared, for example, by admixing thrombin and 
carboxylmethyl cellulose or an alkali metal or alkali earth metal salt thereof with fibrinogen prepared from plasma pro- 
teins. The tissue sealant may be applied to an injury to form blood clots in situ, and as a result, seal the injury, reduce 

35 a loss of blood, and maintain a hemostasis. 

[001 6] A carboxylmethyl cellulose which may be used in the present invention is a polyfu notional carboxylmethyl ether 
of a cellulose which is etherified with carboxylmethyl groups at a part or all of hydroxy groups, and an alkali metal salt 
or an alkali earth metal salt thereof (hereinafter sometimes referred to as a carboxylmethyl cellulose salt) is an alkali 
metal salt or an alkali earth metal salt of the polyfunction^ carboxylmethyl ether. 

40 [0017] The degree of etherification with carboxylmethyl groups is not particularly limited, but is preferably 0.5 to 1 .5, 
more preferably 0.6 to 0.95, and most preferably 0.6 to 0.8, to ensure an appropriate water-solubility. The position of the 
hydroxyl group to be etherified is not particularly limited, that is, one or more hydroxy groups at 2-, 3- and/or 6-positions 
may be etherified. 

[0018] The average molecular weight of the carboxylmethyl cellulose or the salt thereof is not particularly limited, but 
45 is preferably 100kD to lOOOOOkD, more preferably lOOkD to 2000kD, and most preferably 200kD to 1000kD. A low 
molecular weight carboxylmethyl cellulose or the salt thereof may be prepared by etherifying a low molecular weight cel- 
lulose, and optionally, converting the etherified cellulose to a salt thereof, or generally, by etherifying a high molecular 
weight cellulose, and degrading the etherified cellulose before or after an optional conversion to the salt. The degrada- 
tion may be carried out by a known method, such as an electron ray irradiation or ^ray irradiation. The degradation by 
so the electron ray irradiation or y-ray irradiation is preferable, because the product is thus sterilized at the same time. 
[0019] The content of the alkali metal or alkali earth metal in the carboxylmethyl cellulose or the salt thereof used in 
the present invention is not particularly limited, but is preferably 5-13% by weight, more preferably 5-10% by weight, and 
most preferably 6-8% by weight. The alkali metal is, for example, sodium, potassium or lithium, and the alkali earth 
metal is, for example, calcium or magnesium. The carboxylmethyl cellulose or the salt thereof used in the present inven- 
55 tion may contain one or more alkali metal or alkali earth metal as above. 

[0020] In the tissue sealant of the present invention, there may be used a fibrinogen and thrombin used in a conven- 
tional fibrin sealant or fibrin adhesive. That is, a commercially available fibrinogen, or a fibrinogen prepared by a known 
method (such as a cryoprecitating method) from plasma may be used. Further, a commercially available thrombin, or a 
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thrombin isolated by a known method (such as an extracting method) from plasma may be used. 
[0021 ] The tissue sealant of the present invention may be prepared, for example, by adding a thrombin to a fibrinogen 
prepared by a cryoprecitation of plasma, and then adding thereto carboxyl methyl cellulose or the salt thereof. The 
present tissue sealant may be also prepared by adding carboxymethyl cellulose or the salt thereof to a fibrinogen pre- 

5 pared by a cryoprecitation of plasma, and adding thereto a thrombin shortly before use. Further, the present tissue seal- 
ant may be also prepared by adding carboxymethyl cellulose or the salt thereof to a commercially available fibrin 
adhesive, such as a fibrin adhesive from IMMUNO AG (Austria) or BEHRINGWERKE AG (Germany). 
[0022] During the preparation process of the tissue sealant of the present invention, or before its use, it is preferable 
to carry out a sterilization or inactivation of pathogenic contaminants, such as viruses. The inactivating method is known 

10 to those skilled in the art. for example, but not limited to, a treatment with a solvent-detergent. 

[0023] The composition of the tissue sealant of the present invention is not limited, as long as the objects of the 
present invention can be achieved. However, a concentration of the total proteins is preferably 5-150mg/ml. more pref- 
erably 7-35mg/ml, and most preferably 17-28mg/ml, with respect to the whole tissue sealant. A concentration of fibrin- 
ogen is preferably 4-135mg/ml, more preferably 6-30mg/ml, and most preferably 15-25mg/ml. with respect to the whole 

75 tissue sealant. A concentration of carboxylmethyl cellulose or the salt thereof varies with the molecular weight or a 
degree of etherification of the carboxylmethyl cellulose used, or with the content of the salt, but is preferably 1ng/ml- 
100mg/ml, more preferably 100^g/ml-100mg/ml, and most preferably 5mg/ml-20mg/ml, with respect to the whole tissue 
sealant. A concentration of thrombin varies with the concentration of fibrinogen used, but is generally 1 -100 NIH unit/ml, 
more preferably 5-50 NIH unit/ml, and most preferably 10-30 NIH unit/ml. 

20 [0024] The tissue sealant of the present invention may contain, in addition to fibrinogen, thrombin, and carboxylmethyl 
cellulose or the salt thereof, for example, one or more compounds capable of accelerating a healing of an injury, one or 
more compounds capable of strengthening, stimulating or mediating biological activities of growth factors derived from 
platelets or thrombocytes in the tissue sealant, one or more compounds capable of inhibiting or interfering with one or 
more components in the tissue sealant which components may possibly inhibit or block the biological activities of growth 

25 factors derived from platelets or thrombocytes in the tissue sealant, or one or more compounds capable of inhibiting or 
interfering with one or more components in the tissue sealant, which components may inhibit the activities of carboxyl- 
methyl cellulose or the salt thereof. Among the above compounds, a particular compound, such as the inhibiting com- 
pound, will be experimentally determined by a method of examining the biological activities of growth factors derived 
from platelets or thrombocytes in the tissue sealant. 

30 [0025] Specifically, the tissue sealant of the present invention may contain, for example, an antibiotic, activated protein 
C, heparin, prostacyclin (PG13), antithrombin III, ADPase, an anticoagulant such as a plasminogen activator, an anti- 
inflammatory steroid such as dexamethasone, a cardiovascular agent such as a calcium channel-blocking agent, an 
attractant, and a local anaesthetic such as bupivacaine. 

[0026] The tissue sealant of the present invention may further contain polyclonal, monoclonal or chimera antibodies, 
35 or functional derivatives or fragments thereof. These may be antibodies that inhibit the growth of a smooth muscle or a 
growth of undestred cells within or around the site where the tissue sealant is applied, such as an antibody to PDGF 
and/or TGF-p. The antibodies as above are useful under the conditions that an antitumor, antiplatelet or anti-inflamma- 
tory activity is required. Generally, any antibodies capable of making an effective or economical improvement by a site- 
specific delivery can employ the present fibrin adhesive delivery system. 
40 [0027] The tissue sealant of the present invention can be applied to an injured lesion in a form suitable for the appli- 
cation purposes. For example, the tissue sealant may be liquid or powder. When a liquid sealant is prepared, water or 
a buffer may be used as a solvent. 

[0028] The tissue sealant of the present invention may act as a carrier vehicle which allows one or more growth factors 
liberated from platelets to reach an injured lesion. Further, the tissue sealant of the present invention has adhesive and 

45 adsorbable properties, and can maintain a contact of the sealant with the injured lesion for a time sufficient to ensure 
that the tissue sealant containing an added carboxylmethyl cellulose promotes a healing of an injury. 
[0029] The tissue sealant of the present invention may provide a matrix to fill a gap necessary to transfer cell compo- 
nents and cause an induction of a bone in a living human body. Therefore, it is preferable to formulate the sealant from 
proteins (fibrinogen, the Factor XIII, and so on), enzymes (thrombin, plasmin, and so on), and carboxylmethyl cellulose 

so or the salt thereof in such a manner that a temporary scaffold structure as above remains for as long as possible. 
Although all of the components in the tissue sealant of the present invention are biodegradable, the sealant preferably 
provides a nondestructive scaffold during a bone formation so that a shape of a newly forming bone can be determined. 
As above, one of the problems in an osteoanagenesis operation, that is, a collapse of a soft tissue into a bone non-con- 
nective deficit, can be avoided. 

55 [0030] The tissue sealant of the present invention may be applied to any injury, that is, any injured tissues in living 
organisms. The injured tissue may be an intracorporeal tissue, such as an inside wall of a stomach, a fracture, or the 
like, or a skin surface or the like, and also a soft tissue, such as a spleen, or a hard tissue, such as a bone. The injury 
may be a lesion, trauma or wound, or one formed by an infection or from a surgical operation. 
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[0031 ] The tissue sealant of the present invention forms f forin by the actions of thrombin and fibrinogen when used. 
[0032] When the present invention is worked, a fibrin adhesive and carboxylm ethyl cellulose or the salt thereof are 
selected in view of a site to which it is to be applied. The composition of the tissue sealant of the present invention is 
not critical, as long as it acts as a tissue sealant in vivo, and as a medium for a contact of carboxylm ethyl cellulose or 
5 the salt thereof with an injured tissue or a hemal implant, to thereby promote a healing of an injury or a formation of an 
endothelium. The fibrin adhesive used as a vehicle for growth factors contains as its components fibrinogen, f foronectin, 
the Factor XIII, and the von Willebrand factor. The amount of each growth factor added will be experimentally deter- 
mined by conducting tests at various concentrations and selecting a concentration useful to an intended purpose and 
a site to which it is to be applied. 

10 

Examples 

[0033] The present invention will now be further illustrated by. but is by no means limited to. the following Examples. 

is Preparation Example 1 : Preparation pf low molecular weight QMC-Na/s 

[0034] Carboxylmethyl cellulose sodium salts (CMC-Nas) having various molecular weights were prepared by an 
electron ray irradiation. More particularly, solid sodium carboxy methyl cellulose (the degree of ether rf ication = 0.8; the 
content of sodium = 8% by weight) was exposed to electron rays of 20 kGy, 40 kGy, 60 kGy ( 80 kGy, or 100 kGy at 10 
20 MeV by a CIRCE- 1 1 linear accelerator (CGR-McV). The term "Gy" means gray, a unit of a radiation energy, and 1 Gy 
corresponds to 1 J/kg. 

[0035] Non-irradiated or irradiated sodium carboxylmethyl cellulose was dissolved in distilled water, and lyophilized. 
Then, the lyophilized product was crushed in a mortar, and the resulting powder was used in the determination of 
molecular weights, and in the following Examples. 
25 [0036] The molecular weights were determined as follows: 

[0037] The powder of non-irradiated or irradiated sodium carboxylmethyl cellulose was dissolved in a 50 mM tris-HCI 
buffer containing 0.1 5M NaCI, and applied in a Sepharose CL-6B column equilibrated with the same buffer to carry out 
a molecular sieve chromatography. Sodium carboxylmethyl cellulose was detected by a phenol -sulfuric acid method. 
The results are shown in Table 1 . 

30 



Table 1 





Non- irradiated 


Irradiated with electron rays 






20kGy 


40kGy 


60 kGy 


80kGy 


100kGY 


Molecular weight 


2000kD 


1000kD 


800kD 


600kD 


400kD 


200kD 



[0038] Table 1 shows that sodium carboxylmethyl cellulose can be degraded to a low molecular weight compound by 
40 an irradiation of electron rays. 

Preparation Example 2: Preparation of tissue sealant 

[0039] Human whole blood was centrifuged to obtain plasma. The resulting plasma was then frozen at -80°C for at 
45 least 12 hours. The frozen plasma was then thawed slowly at 4°C, and the centrifuging tube was centrifuged again in a 
refrigerated centrifuge. The supernatant was carefully decanted. The cryoprecipitate was resuspended in the remaining 
plasma by tapping the tube. To the resulting suspension of the cryoprecipitate, a commercially available thrombin was 
added to prepare a fibrin adhesive, and then the powdery non-irradiated or irradiated sodium carboxylmethyl cellulose 
(CMC-Na) prepared in Preparation Example 1 at a concentration of 10 mg/ml was added to prepare a tissue sealant. 
so The resulting tissue sealant, i.e., a fibrin adhesive containing added CMC-Na, contained 0.1 mg/ml total proteins, 0.02 
NIH unit/ml thrombin, and 4 mg/ml fibrinogen. 

Reference Example 1 : Activity for aggregating fibrin monomers 

55 [0040] A powdery non-irradiated or irradiated sodium carboxylmethyl cellulose (CMC-Na) prepared in Preparation 
Example 1 was dissolved in a 20 mM imidazole buffer containing 0.1 5M NaCI, to the concentration of 10 mg/ml. 
[0041] To 0.5 ml of the resulting solution was added 20^1 of a fibrin monomer solution (A280nm=6) prepared by dis- 
solving fibrin monomers in 20mM acetic acid, and admixed for 5 seconds. Thereafter, the mixture was poured into a 
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quartz ceil having an optical path of 1 cm. After 20 seconds of adding fibrin monomers, an absorbance at 350 nm was 
measured every 30 seconds for 25 minutes. As a control test, the same procedure was repeated except that the pow- 
dery sodium carboxylmethyl cellulose was not used. The absorbance was measured by an ultraviolet-visible light spec- 
trophotometer (U-3210; Hitachi Ltd.). The results are shown in Fig. 1, wherein the curve 1 is the result in the presence 

5 of CMC-Na not irradiated with electron rays, the curve 2 is the result in the presence of CMC-Na irradiated with 10KGy, 
the curve 3 is the result in the presence of CMC-Na irradiated with 20kGy, the curve 4 is the result in the presence of 
CMC-Na irradiated with 40kGy, the curve 5 is the result in the presence of CMC-Na irradiated with 60kGy, the curve 6 
is the result in the presence of CMC-Na irradiated with 80kGy, and curve 7 is the result in the presence of CMC-Na irra- 
diated with 100kGy). Further, the curve C shows the result of the control test. 

10 [0042] Fig. 1 shows that sodium carboxyl methyl cellulose remarkably accelerates the aggregation of fibrin monomers, 
independently of the irradiation of electron rays, i.e., in its wide molecular weight range. 

Example 1: Growth of human endothelial cells of umbilical vein in the tissue sealant 

is [0043] A growth of human endothelial cells of an umbilical vein in the tissue sealant (containing 1 0 mg/ml sodium car- 
boxylmethyl cellulose having a molecular weight of 200kD) prepared in Preparation Example 2 was confirmed. Human 
endothelial cells of umbilical vein were embedded at a density of 1 X 1 0 6 cells/ml in the tissue sealant. A culture medium 
used was M299 (Sigma Chemical) containing 10% fetal bovine serum, 10^g/ml streptomycin, 100U/ml penicillin, 1 
mg/ml acid fibroblast growth factor, and 10U/ml heparin. 

20 [0044] The cells embedded in the tissue sealant became slender and multiped ial within 6 hours, and when the cells 
came into contact with each other, cell-networks were formed. The growth was maintained for at least 3 days. As a con- 
trol test, the same procedure as above was repeated except that a tissue sealant prepared as in Preparation Example 
2 without sodium carboxylmethyl cellulose was used. In the control test, the cells were spherical, and cell-networks 
were not formed. This condition continued for at least 3 days. 

25 [0045] As above, it is manifest that when sodium carboxylmethyl cellulose is added, endothelial cells are grown. 

Example 2: Iniurv-healina in vivo 

[0046] An effect of the fibrin adhesive with added CMC-Na on a healing of injuries in diabetic mice was examined. 

30 Two injuries (about 1 cm X about 1 cm; depth = about 6mm) were made on a back skin of each of 6 mice. The tissue 
sealant (containing 10 mg/ml sodium carboxylmethyl cellulose having a molecular weight of 200kD) prepared in Prep- 
aration Example 2 was filled to one of the injuries, whereas a tissue sealant prepared as in Preparation Example 2 with- 
out sodium carboxylmethyl cellulose (a fibrin adhesive without CMC-Na) was filled to the other injury. After 9 days, 
pathological sections (thickness = 5^m) were taken from the two injuries and a normal skin without an injury (for con- 

35 trol), and stained with hematoxylin and eosin. The degree of a healing of injuries in the sections was evaluated by three 
analysts through a blind test. Specifically, the degree of a healing of injuries was evaluated in 16 stages (from o pant 
meaning not healed to 15 point meaning a complete healing) with respect to a deposition of collagen, a regeneration of 
epithelial cells, a thickness of particulate tissues, a density of inflamed cells, and fibroblasts and capillary vessels. The 
results are shown in Table 2. 

40 



Table 2 



45 



Mice Nos. 


Normal skin 


Fibrin adhesive without 
CMC-Na 


Fibrin adhesive with 
CMC-Na | 


1 


14 


3 


14 


2 


15 


2 


13 


3 


15 


4 


15 


4 


15 


4 


14 


5 


15 


0 


13 


6 


15 


1 


14 



55 

[0047] Table 2 shows that the sections taken from the injuries treated with the fibrin adhesive not containing CMC-Na 
constantly made low scores, whereas the sections taken from the normal skins and the injuries treated with the fibrin 
adhesive containing CMC-Na recorded high scores. 



6 



EP 0 956 869 A2 



Example 3: Healing effect of injuries 

[0048] An injury-healing effect of a fibrin adhesive containing sodium carboxylm ethyl cellulose was examined. 
[0049] The livers of 1 0 mice were exposed by an abdominal operation, and two square portions (1 cm x 1cm, each) 

5 were cut from the surface of each liver to make wounded portions. One injury was covered with the tissue sealant (con- 
taining 10 mg/ml sodium carboxyl methyl cellulose having a molecular weight of 200kD) prepared in Preparation Exam- 
ple 2. whereas other injury was covered with a tissue sealant prepared as in Preparation Example 2 without sodium 
carboxytmethy! cellulose (a f ibrin adhesive without CMC-Na). Then, the abdominal region was closed. After one month, 
the liver was exposed again, and a pathological section was prepared from the portion covered with the fibrin sealant. 

w The degree of healing was evaluated. 

[0050] It was revealed that the injuries treated with the fibrin adhesive containing sodium carboxylm ethyl cellulose 
were completed cured, and no inflammation was observed, whereas many leukocytes and very severe inflammation 
were observed in the injuries treated with the fibrin adhesive not containing sodium carboxyl methyl cellulose. 

is Example 4: Adhering and agglutinating properties of platelets 

[0051 ] The adhering and agglutinating properties of platelets on the fibrin adhesive containing sodium carboxyl methyl 
cellulose were examined. A sheet of the tissue sealant (containing 10 mg/ml sodium carboxyl methyl cellulose having a 
molecular weight of 200kD) prepared in Preparation Example 2, and a sheet of the tissue sealant prepared as in Prep- 
20 aration Example 2 without sodium carboxylmethyl cellulose (a fibrin adhesive without CMC-Na) were placed on a 96- 
well titer plate, and then a human whole blood sample was filled thereon. The adhesion was measured by a method of 
Haverstick DM, et a!. (Blood, 66:946, 1985). 

[0052] It was revealed that in the tissue sealant not containing sodium carboxylmethyl cellulose, an adhesion and 
aggulutination of platelets were rarely observed, whereas in the tissue sealant containing sodium carboxylmethyl cellu- 

25 lose, a considerable number of platelets were adhered and agglutinated. Further, growth factors such as (PDGF, TGF- 
p and the like) derived from platelets were detected in a supernatant obtained by filling a human whole blood sample 
on the tissue sealant containing sodium carboxylmethyl cellulose, and allowing to stand at 37*C for 24 hours. 
[0053] As above, the tissue sealant containing carboxylmethyl cellulose according to the present invention can main- 
tain a contact with an injury or cell cultured in vitro for a long time, and promote a brief contact with platelets. 

30 [0054] The tissue sealant of the present invention can be applied directly to injured tissues by any means, for example, 
coated over an injury on a skin surface. Further, the tissue sealant of the present invention can be applied directly to an 
intracorporeal injury during a surgical operation, to a bone or the like. 

[0055] The tissue sealant of the present invention is useful for promoting a healing of an injury difficult to cure, such 
as an injury to a diabetic person, and is particularly useful as a medium allowing one or more growth factors liberated 

35 from platelets to reach an injured lesion by an action of adhering and agglutinating platelets, and then maintain a con- 
tact of an intracorporeal injury with growth factors for a long time. For example, the tissue sealant of the present inven- 
tion may be used to accelerate or promote a healing of an intracorporeal injury, such as a fracture site or a gastric ulcer. 
[0056] The tissue sealant of the present invention is biodegradable, and able to be assimilated into a tissue. Further, 
it allows growth factors to come into contact with the receptors thereof for a long time, and permits a production of 

40 potent biological effects. 

[0057] In the tissue sealant of the present invention, it is possible to reduce the concentrations of total proteins and 
fibrinogen in comparison with a conventional sealant. Due to the low concentration, animal cells can move in, pass 
through, and grow in the tissue sealant of the present invention, and therefore, it can assist a strengthening of adjacent 
tissues and cells by protease. 

45 [0058] Further, the tissue sealant of the present invention may be prepared in a liquid form, and thus can more suffi- 
ciently and completely cover a surface than a conventional delivery system. Therefore, the fibrin sealant containing car- 
boxylmethyl cellulose can cover the inside, outside and pores of a blood vessel, and thus reduce a thrombus formation 
and development of antigenicity. 

so Claims 

1. A tissue sealant characterized by containing thrombin, fibrinogen, and carboxylmethyl cellulose or an alkali metal 
or alkali earth metal salt thereof. 

55 2. The tissue sealant according to claim 1 , wherein the carboxylmethyl cellulose has an average molecular weight of 
100 kD to 100.000 kD. 

3. The tissue sealant according to claim 1 , wherein the carboxylmethyl cellulose has a degree of etherif ication of 0.5 
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to 1.5. 

The tissue sealant according to claim 3, wherein the carboxytmethyl cellulose has a degree of etherif ication of 0.6 
to 0.95. 

The tissue sealant according to any one of claims 1 to 4, which contains an alkali metal or alkali earth metal salt of 
carboxytmethyl cellulose. 

The tissue sealant according to claim 5, wherein a content of the alkali metal or alkali earth metal is 5 to 13 % by 
weight. 

The tissue sealant according to claim 5, wherein said alkali metal is sodium. 

The tissue sealant according to any one of claims 1 to 7, wherein a concentration of total proteins is 5 to 150 mg/ml 
with respect to the tissue sealant, a concentration of ftorinogen is 4 to 135 mg/ml with respect to the tissue sealant, 
and a concentration of carboxylmethyl cellulose or an alkali metal or alkali earth metal salt thereof is 1 jig/ml to 100 
mg/ml with respect to the tissue sealant. 
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